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PATENT WAMBH ^^VKitE imiCE 

UiWi} A patent ionsmei5 o v a ie (PFO) m sfeots^ft i ft Figu re I , is 3 |>orsls<&nl, ms~ 

waj', usually fiap-ilke. opening in ihe waJi bccw«efi the figM M^n^ 

pressum «a8 exceed LA |*cS:SU«i! crssslmg ifae possitiiiky ibr ng to tefs: sbyRirsttg;; tbac 

xcstdt^: in :iRKa?|io«Sfl sloiuj^ the foriinjen pval^; IM? ftiii&ki>i^\ <*1ftsuw 1$ 

^fijiium : j^Hriffif^im 14 ajid ^£»ttj k« WRd»»0» Mi Hawe^^erv a Pf^ been ^ksswr; is 
pefsjst m ^ npte of 

I^MMi^l Tliiij uaysc. of isi^hemic stroke remajp;^<;|3?ptogenic (of unl<si<imi x^jginl ja 
FHS is. eGEiSMei!e<i tft the dlagrajsis. iVi!& tliere is <J«flsmt!y^^^ 

1600311 fHe ppessfiiCE M ^ PFO has ino tlsif^^^i te cofts^tteftcfe in Mhi€s3-w^ise 
Umhhv siduits. fo ountost, patients .-jufferjog a stxoke or traitsic«t ischcnac.attacfc'^'rtA) 

»R £]be presence- of a PFO and without «r>.oi>!«T cause of ischemic stroke as's considered 
for pmpbykaH:: mcdicd f-hsrapy to reduce rhs risk of a recurrem ejribollc cvenL These 
patients iiie cotnmoiiiy treated with oral antiCfsagulauts, whsch have the poscslial fof 
sdverse side- effects, stifch as h^^nKJrrhagti^g, hc■Imlo^^Jj m 

the C0inmori waya surg^os sIh^ 



■J 

pOOSJ HosiSiifgieal elssote tif PF^: iis^ become possible with iM advsnr 
umbrella de'^'ifi^s ajid it iitfict^ i^^^^ developed 

p^tiliiti to avoid the* i^elesiM m^^^^^Wi^ at}{5?^!#uli#?<a^r^i 

therapiCSf. 

t&04j of septal «tosufc dcvfc^s, however, preseiir 

s«di dfawbscks ss ts«htucal coiiipicxiry of jmptlantai^on |»X)ced^re. high complication 
rates Cthrombus.^ iVacliires, cotiductktcj ^ysteirs dktiirbitaces, perfumdoni,j residod ie-sikij')< 
Ijigh Heplsl pryOle, large msme& of tomga imtciiaL -mvi- fe&k M mnmrn^ 
coftfofjsali'nfty espedally to ihe PFO tlap-lfe anatomy^ as most were onginaUj 
dcsigrsed to clossc AvSD's, >Jk&dt are tnii^ liQks.: AMtioaaUy, s^anK sepiai closura 
dfiv^icei? £ps CiSiniii^ vrfiicS? ; esn^ m lack ss! «^jf>siS*5Tii:j^ 

ovsris^Jftg : iajps. of ^pue: a rmm beast, ^gi> ^: pai&ai |e(f *!tv?t|c 
pm^^mi^^^ if 

ftHH)8| The i;k';>i.;fc devsce of t!ie preseoi i;v,<:ntion nrdy Uiks « nvirnb^i' oi 

differerii romw. Farexarnpie, uk ciOi-.i<\' Cv'vkc ujux- have fijsi aivi 5«ii:.ot5ci snds, boih 
of which n^ay be capabie of puucivjiog inasnn^aliati rissue, Tht davice frsay be- a 
siruclttre smjh a$ a nag with a gap^ a ioided ring, ai k-asi otiC gfapplmg hixA njembsr 
JoineJ CD jit least oa<; curv^jd am? by ;s Jo«idef member, opposed gtap-plSog hook 
tneintws Joisted fay a ceaUal con»G<;tiHg KJSmUw, a grappling hook mej-nlxs i*nd ;i 
central cotuiectin^ ajcttiber, or a closytie device aacbor jasoed Itj a ^ifuclurtj of soffidcut 
iiiiinictcr lo hoUl the device ia place agains! the overlappiog Jaysrs of tissyc. Xa j>oiTi« 
cnnbodiments of the prc$c.ftt jnivesitkirt. Lhe ctosure device is si^ed and shaped such that il 
sstends lirum se0l«m ^oliiatirti m ti*^ lefc iftto & left MiMi, ^o^^m^^i 



pniRiifR, into the tight : atrium, and to septum sccuii4«m, :iri tlie right mmm, Sojjaj. 
mrkvafek devicos iaclusle-. etoagate tsihecs to faaHiEste their removiiL Ead> of tjws^ 
devices liss «fcftain advaritsigsis* sad om WiMm iftc mm^ ^ cai>fc s^ka^tiii^ : liie ■ 
de vice appep'! ate a giveti^ ap|>1 {e^r ifta. 

0^1 f 1^ f ad&:;;«!f -^his^^ ai;:: h Wiser ■ 0f;;di|^ 

^^arppltfy 3t li^^^ ibma dfSij csr a ctoamj^ ttevfco wiKhm-^ smh 

force tti the oV«fbppiiig iaycrs of tissue, tr> some cmfcodimoBts, the end stnjefvire may 
■.fes-adjusted to aker the coiapressive force appHe4 »> ihe overlappiftg fayefi of tl-ssuc: As 
prevfey&ly meoduoed, either or bOLh of the f«sj and second enife may be caplsk of 
ptmoiidag rmmmahaK tissae. In some coBfoodiraejnSi the Jmt «id of |tai: 
septal ptiocture needle. 

nitiwjl;: Seme of tlse devfces:^ 

(Ml 3 J Same closure devices aceordiag to the p^escot iaventian arc imendod- r» 

pttnctyxe sepUim priiRitrii upon bscjtion am the hem. Far exg«npki» 5»ch a devfee jrsa^' 
bs tnsen«;d mlQ the right atrtttm of the; lieart aj54 puiwture p|JftJtn |^ 
Iftfr s«fK»m yf tka hsatt. At this potot, rtie ilrst ead «>f d«#tee iiiay^sim^^ 
isto t3is left attiam, <3r fiim^ 

^nd 'Of t^i^e teasf paiiially |5iiii<siiEii^c^:::i^ ^^i^i: 

the iiist exkods into ttics dgftt jsiiiam; The :§stpid ^t^j; ^i^iee mity Best ^ 
p<!^ijit«isd a^|5i^ is # ngit: p^isUftg ; 

copjSre^^ the iscptsl^ b orchis* ettihiodini^ secoM {y*d is 

po^jtlsMMsd la ife ifefii atnum wftJk anotltef porijoe of ttie dovk^i sus^^ m & iiM, i$ 

defice. 



180121 ;Aite«iatml5', some s-hmuo dcvici.;s acoordlag to fee preisej^S: mveoiion 
iije jniendcd::io be Inserted fe£twee« the- oyetiapping- hpat^ of tissw, ikougli riw 
pro tiif>fiel, 10 e«f&r the left atrium, aiase eanbodiments, the ftrst end of iha device is 
iies deplsjj'ed ifv iJie Ml ^tf aiM ihc 5^ ite right 

^tfSim, l^ifBby ipsvM^ ^tijeas'^ei^^ 
sUeasi one of &e bt'fec^^^^ 

way of ilMsu-ation. 

Kguie 2 ■ jiS: a yfesflf ib *k1« dtevuKtiG ijf iiie^; siiiuisuf e dssyiteet wife 

mechanical 

fMil^i Figure 4 is a view m b.iij8 eievatioa of se* dmi smbodiroc 

100193 Hgisre 6 h a vkw in $kli Mi^viiikm of « piSnCCUfc; 

iW^ZM Bguit^ ipsu iSfc^ tis? de^^i^ms^ M'^-W^. 

aacisylistctypeM 



rsmmkble PFD cteam device; 

fO&Sfi Jfigttpeg iia, I2b a«4 |2c iilusli^ Efs* 

IQQM] Figure 13 is a '-new? in side ©Icvation of an idJemstive srttiCkta: of ibc 

i,ilt{ji2?] I'sgiaFe ■ 1 4 y a view ijft jacfe siit altbrfi^iS*^;^: of ife 

: scemd (sri^jodissfiiit of ilic I^PlSi elmurc device mceiiafilcai: : aitdiiors &tih& ftsesmt 

{()t)283 Figures lSa» I5b, and. i-5c-i^'»n end face view from the right airiattt;, at! 

eild lac« view ftom the left atriuai, and 3 side^ elevalian Yity<^ nispecriv^jy, of the 
'!ife!|>I»>ycd akcmatJvc; sfatcture of th?. sftcond eait^odimatif of sfe^s- PRO trkfstire device vvilit 

aflclsar«5 rftdicarsd geiiemiij at 1^ jhciti^s^ oppessed grappling ksofc menkbcrs 2iO aftd 22 

ho(*:s. In 1r!|uces aaiJ 3^ iu^ fbitit the 

II jisiafeer tbsssJ curyedi lieefcs 34 and M fo^ gxisppiiiig hook Hsssiitsjf : 22 , 

ir©j[« tJ^ central cohrse<:?t]uig.:fnet^^ tile grafgjtejg^^^ 

|iopN;M ^i^^ f?<?^j^^y^ <ii5305?^^ 

hbeks M gJKipp^g: liK>oj£ nwm The sjsgije fe^^ aiiy tiwO - gi^^^ hmHi 

grappi jfig li<303f roemfcaEs and irsay be dciern*ined by fef muk MD^aumbeF of ■ 

liopks per gjcapplleg liook imiki all l>e 

coiffiscdng mstiifecr 24, In Ms fon«, the PFCS; ciom loii^itpdiflMiy 



[#$03 To deploy i\m cle^rc dgvlcie i^^ lte caitecc M n 'memA fmm the 
dgtii atnim M t^tmngh the PK> %5nwl, i.<^ te^^^n^s^ W and septum 

secuiKjojtt 16, tfis;. left ^[JfittJS 12, As sljown: in Figyre 3a, the gj^|>pijftg Jjook 
«iftjHfibef 20 is deplt^jfssi jfilp iaM 3b, the catheter 38 

ts ; ^T|t;*4 1^ Ti^it sifliuni ipd (life i^rsj^jjog: Ix^^ ; 2^* ; an4 

bacfe and esibesdifed ia the left sides of se|?ihj£R pnmui» and sesjjtttm sectifiduns; the 

M :|t^i!|slihi.lK^ Baai|r, m shewn in Fipre"; fe, the calheieF M is 

The grappling hook nwnifers 29 aiKi 2-2 may bt: formed of flexible, 
sp -like, hsoabsarbable poiytHer rtjiiienui so as lo permh mcvenieKt from ihe 
conjprt;ssv<i stfitjgbt sbajj* txt iho cvrved hook. shitptij&. foUpwiog defjloyinerii ft-om t!^e 
t'jiih&ter 38. The ceajrai contiseiing mi^be? 34 may also be fonntd of bSuabsurbsjbks 
material, ssjc-h as a;i absorbabie jiumr* maBTjcisriaJ, tiifc d«vjcc witi uUtm{»U% leave do 
forssigtf substance in eitisar ^airium, Aiu:^rnatiyciys iht' hook membervS M and 

22 ruay fee foxoie4 of is|>ring lifelai ©r ^f a shaps memofy OTateria!,:;^s^^ When 
the PFO cJosare de.yi^3^ is iKJt; formed of M k piOSStWw to; fonJi 

the devks with only tJas giappi jhf hook i«emb©r a ccnfeiai oojjsc-cting nie-mfcier 24 
so Uiat ;|ha dtevicij : i^s ifiSposii^^w is;U:fcvablp. Whcn-iliK? -tl^vto is aoaKle of si 

bsoabsorbafeie matedalci" is not irftijaded ib fci© ; nsJaevabfe, Uie ©p^s -of grappling hooks 
;M,:v2Si305,Mii. Maod Sfimay jfetibetinditdea bail^t^ 

tissye. seme embodhnenis, the ^pjjJiag haofc i^iessbefs 2<J arirt 22 serve sf^ tissue 
!;eafib!d^j> and 5ire covarcd wkh a vascular materUii,, such as poiyestef, biologtcaJ tjsijue, 
Issoresnrliable poSymer, or spoi^gy jiOlym 

pft32] As shown id Figiim 3, the cliMurc dc coofofift^ ai ieasl to ^mm 

exteal, to *te sepfei ti&Mje lhat it «>p^JsBisses, depends 
op**a tM aistp-pl fro*« %McB (Mmc^-wm SsT'rnedi s devfee formed of a s^i ng iftetal 
or i^ap&i triiSiRwy ni^t^r^ jil will mmsm io iim smfmtiadm^ s^i-d itssy Jo a hmm 

: it>IB3 1 F'igufe 4 sbows ; at seeosd enSjqSfnail : of s 1*1 ^C) : device wi? b 

niee!taRiie$J;4jj^iors; llsjs dtevitefcy siepSoyea, forms ii rsag 



t 

sJfaigMeneci to pass (htoagb a eallieierM^ W jshtsv^'xi k Figures 5a, 

5b arid Sc, tfie catheter is caesed : to piej^e s^^ left Mmm 

wb«re the jjpioted:^^^^ T^t#it;p catheter is 

drgwt^ iliaf^ I ^li^ftfiv io diraw : tie dcviisc tbnjiigk MsptuM 

emlxid tlie^elftbd end in the tett iid& af mpmm^^s^^ rifialiy;, as sI^qwo «t 

owrissp. 

^^S; : j4iowa; . XV- ■ Mi^tp^i . 13 and 14^ ■■:^;fe$yfe devised may tafei , aitfe^iiStive 

iii: to: W and i &^ and 1 iN sysd; tis vsn| m kMM& l<M}^i:^^Mmm 

tyj^ure ileviiiaji |fO^^!^ ap disijly^ k a loaiJTiieiJf siJuMar to J Ii3t ii^scnbed: 

the Mds ctjstacts thC: 

MidUplK FFO ahs&xm dcvjc<» 40* 90 or 100 van be inserted yiitiJ the 
physieiim ix satisfied with the a^stiltarit PrO closure. Again, th.& FFO clojsure ikivis^cS 
tmy bft fonned of ficxibJc, bioabsorbable p£>1ymftf rnateri^,. spring inetai, otibei- spring - 
like m5s^-bioa{}.sofbatyte iiiateri<U, of shape mtmory maLetia!, The choj<x: of matcift^l will 
affect the degree io which iin -device ccjoforms to &e samjiajdiog seplsl iksue. As 

pieces of malieriai or tissae togeiher and seed ooi be a eoRtkuous stiteii. However, to; 
mms a PFO closed Ms to 



sepiyns secundum. ; Else ease of se|jtam jjfsmwmi, tlie |^^^ creates a hole llmxiglJ 

the case jQf sefiu the puftciut^ may be s 

made sep&im sescuoduai as ^own «i FigursK 6-8, h^. Siiis^sssjugafely 4e#itbed aorf 

i'0&37| I'hs anchors are riiOSl likely fabricated from a shape memoiy alloy, t^uch 

as nitinol, although, they could be jtsit4fi:if<»a a flexible, bioabsnrfeabk-: polynw or a 
neblc rnct&l, each haviag their own advitriage - n« long tcuP. iiTJplaol issoci^ with 
|jiM?3S0fbabic w^OfSv^'Jii ^^''^c^Hesit t^diopacity with aochyrs fabricated frout a PObJc, 
metM^ sacli 3B?^ pie j^atSJpcE^ |i>e |:o?Kt«?3 of any 

suitabifc ttjaferial. ineJadmi wiis^, jin<5ne^^;m bjo|»i3s<^^ 

The saftimig nwthod ki&lax5es;«st£3g a isaadaaxi s^^t 
to focste aad puaetur« ssplum prjxnwo, iFoilowirtg thi^ severKi approaches exist. One 
\w<3uld be tb*t ti^e se^aiptuitiijre: iMcdk be wUhdfawja from th« ca^eier and ihe 
suturing iytkm rhcn delivered through the catheter {the ss^^S «<?edte catheter woald 
trisistain posiiiisn across septum pntnum durmg the ex«liaugc). Aliemativciy, a wire 
could be placed throygb Ihc septitl mscdio catheter to madntaui positioii ^ntl ilro siKwrfc 
-ystem could be JcUver«d over the wine, or the iijpUsl puncture needle couid become 
p.^ft 4?F t.hc5 liutiire sy<;te-m. Following deJivcry ot th« suutre ■iy'^Utn, vhfc prO-'^'Trsg! aui of 
fbft .suuirc iEiaj citcd be lied off !vc- tc- b.^cvirv- the- SySJeni ift piice and keep tj^e Vi-O 
closftl. As d$iiCfjS?i-4 f-^!ow for (he rivet dtsjgn suturc syiN(i;rt5 and jsisnvvf! in Pig'jre lOc, 
the- pfcixirv^al endot lh« .^suture f«ay i?c lOi!);t<i into a knou /.t;. UiocnJ of ihc ^.tUure ^svn' 
forracd iiito 2 .*>imctare having a diamoler larger tto« rhiiit of the riithetcr Ui.o.d fo 
pystciiir,^ >i?,pr.um primuni so a5 to cj^smift that the suture- systv'fn ren^ains in place Otho; 
suitabie stnivJurCii for eIk; proximal cad of ifi« $oiai:« iiiciisfk, bsi( ate nof iiuUicd to, 
toUi, spimis, aftd othtst atljusfitbicj frsechatissois. This stryeiure .should appij? sufticse-tit 
cosnpfO!>sio» to hoid septuaj prinit^io jusd scpjujn secuedurit Cogether. The stmcture may 



be ac^justubic, ;.ucti that iht levci o; t.'omprassjir- snay be- altered i-i<: tiscessary. MuJripk 
sumres tmy be- ms&ctsd usHi tiK j*isysky«o is satisfied with ihe FFO closure. 

[OOS^!*! in Figure 8, a s»tui« 50 is deliver«d thmsigh the- septal nccdie- ca*.eter 

folbwing the r!Mr»>val of tiic a«©<Ms. A mtin. cmhatt 52 caters the Mi atrium througb 
ite septal ftccsdie ciahestcfj ss puHeii ha<ik a^gaiftst sej^m seeattdym, seMiny tlse needle 
up(s) 54 deep within ii or &rough it, if h is thm tmHiiM- Tht lip co«k{ t?? <?it!x:)r 
radiopaque, cchogenk, or both, to be vhihk by A-cay (fltroroscopy) sJid/or c.-irJ.t;i-.: ^icha. 
Otjce proper posinon <^ere?«»ified. thi' cominctrng "system (a hj-pufub-t; or n senes o^' 
<;on-ii?:i;y hypoluber- in she eml?f>dini5n! vvficrc- muitipfc rsecdies o-f^ s»«»uik^ni;oi;i.ly 
delivered) is vvithdrawn, aik>«.mg Jhe iyhu-c itnchor S6 ito form into a prK-celarmins^d 
^hiipu. Uiiitte SRchof, racsi hlcclv vi;i ^^hapf. trj^-noi y p.^opcilicst. The anchor on She Cild 
of tijc ststure SO has btrcn embedded sr. jie^^Lurn secuiftjuni and expands to anchor iha 
mmr., which passes Jiiroitgh septum j^titmuu ^MiCf^ yic suime catheter is i*rao>?c«i. 'TM: 
anehar cm H, man)' ii^iflifepititisi^^ mdMdiijg #11 MiStit(^ . to ; at v-ait, 

t<|S4(l|; Iti those ca^^^^ tme j^wtisl^n!; ife ssu^h ise|Jtom: secufidam can 

madCi 8ft anchcar eaai be piaeeed ^aiitei^ in f ig^ ieayi:!3| rtOip^^^^ 

ibe^i^Jii!: i^ir^^ 

[90413 in ajK)<)<e? emt>odimcn(, ihs sep<^ needle cathei^f crosses i>eptHm 

Siscptlym isi puiltiftei ipesUons siicuftaaeausi 3?: Jr» iSlj? «i«Ndwt£ftt, tJic fiml r e^wl t, m 
steeo fmm t& kifi aJrium j« mx end faee i^^iew of s^j^Tym pnasutft jui^ iie^ 
wotjid bevss shown itt HgEU-e §^ ; wfams a pluraiit ¥ speed : aii?fe>r5j ^i^ ei^^c ^Umi 

ftiMiZj A «vet design suiure system is shown ia Ftgutsss lOa^^ l^^ 

Here a siHure 62 afjd &acl)Of 64 are cortaltiai witJan a mti^'^ 66. wliich pieires both 

sepmm ■secundum aftd scptam primuifi llje anchor 64, w^lcfi formeft of & 

EKjict ij^-f; a^-s a mesal disc, a ^imU fHX>k C^uclt {i<i.' ihjpe n^sr':>r\ fiCrfiJ. - prevjou^^K 

^OOJjJiosi tv<.> s«pia {v)p,es;tie» Ihe wtisve 61 van then ix S^ouvi'-Pvl wjuj L'vv 6$, »:i 



m 

e.ni of (b«; sutore jria> be formevi hmo a stmcujfe js,ivi«g a dj.tme.Kr larger iK;*n of th?; 
cjia-cier jscd So pjFctuw scpJuiu primum so as to t;nisure ihs& the sucttie sj'sieni i^eiBaius, 
in place. Other suitable stmcJares for {he second erid of the suture include. huL are nol 
Jimtted to, coik, :s|jirals, other aidJiJMahle fi3echamsiii>s. As sJiowo ia Figure 10c, (iiisi 
structui* slKSild apply &U?fk:i(jnt wnifirtrssioti to imld sejJtem pnmum an<i septuin 
seouadum to^lhtsr. The structaic may be 3idj«siabte» such that ihe- level of coitipfcssion 
may be altered as ni&cessaiy. Multiple dvet systems can be iassited mtW a pbysician i& 

(00431 Tiie PFO desiue. device of ihe prexenj. tfivenugr^ niay be formed in a 

j^amat to %elli<&te removal otKc $c|«»m pnoj^m md septua\>ecu.n£fu.m- aie fused. An 
exemplar)- removable FFO closun-, dcvkx: 70 is <.lcp!oyiid ir! the sHustrated by 

Figures, ila - lid. The PFO closure device 70 may be dclivereif by a deSivcry catbetcr 
or sheatb 72 and incliides 8 grappling hook menrEber 74 jomcd to a csif^'cd ann. by aii 
Sfllafgccl Up jyuikler ni«mt)st' 78, At ieaw oiw of the grappimg ht>ok meaiber and etsf v:ed 
SiiHS M Ih^ PJr^ fciO^^ relative to the tiffissat; An efoagatfe {fe!|iBf: 

1^ is connected lo t!ie%Js^inda? Kis^^ 
The lettesr ^80 caa coia;^ to minimis tpynjs to ihc vcj its, 

S^QN>443 -^0. <^p}Qf ^ Icfli&vsbJe;:: PFO closure xfeyjcii: -a^^ to ojw 

pnmum 14 IPtpse aad i^e gra|5plitig^k^ whc» Irce: of tS^:*^^ in a 

5ee«n<l«iii:16 (Figimj 11% litest, the gr^^ is ait^ya ^s^^^^ 

by the tether 88 to t5ppiy fensiiori ty Ihc lissac c.a»si«§ septtsmltefeuhd itawft iof H • 

aJMfaci witiv septtim prijrtum. Then the curved vsm 7^ is deployed (Figiire Md) and 
curves, iri a nwnaer f^mw relative septum secuadim* so its; to engage septiuTt 
sec«»T^i!m m. cathder is dniwn back. The compmssjve force applied by ttic 
grappling itook Slid the curved arm hoid sispusrn prissiym 'And scptym sec-UndariJ tighilj 
tpfetiier, The grapplbg Stoofe 74 and ffftrved: ar m 7^ are fjretenttsly of sbape 

rtscrtw)ry jjiateftal, »3c:ti: as niSina!^ S» lltai tiisfcy *^sp<M^^ 
depJoyed ttei»» the xiatheter 72 l^igy?e 1 14- 

Pft4fi Oftee the WOi timmt dmim 70 js m^«c8, ^cMvd^ ^2 is v^ihilrsf^ 
asd the free end ot Jhe Sfte;# is allowed to 



Tkm the device is galM ilKCttgJs; se|^ant |MmtJm ai>d 'mm a laco'wei^i* sh€4«ii fof iuo'^r^ 
of tbc ie|te;M;|ftd mmy^,. . 

M WiRf fems^ 16 pj^ss the two M 1^ Cogettier. 1%e device may later be 

rt;inave4 bf a rc-triova} device, v/htc.h grabs the jouider member 78 and draws the device 
through 5>sptmn primuia 14 a«jj isio a lemoval siicatb, 

|fliif$'7| instead of ia: .sisglfs ipppoised grappiiiig hook: ^4 pk! cufvo^^ Mni 16, tl^e 

rsidi al ; exkftidijsg in s sp^Etcssd iidiat«Msl#i ft^ IKie; j^jfaKji^ jKsifhJjei' ^1 Smh a device 

esstbiei!^^ ''M. ^^MfMtM^M^^^ ptirtiojtt 14 p of tlie 

^>a^^leter iHJi> tfje left sfriutn anii the grapjjJi^^ hoofe 84 ja« dtepioj^ as sb^wu trt Ifl^'ie 

opfsasec grappMag huoks aad ciu vcd ani^s. As i« tiie case of the FFO ciu&urc; device 70, 
pOi^ tfee ^kv^ee may W peimaseiitiy dcjjlftj^d by inse^ 

'Having described emlKKlifii«rtts of the prese^rinveoibn:, •if-5^k>^td---'l» 
appsreat tiiar ihe jiive-rttiofi is capable of other and different embodiJBerjts asid <my be 
modifed in vEffious respects, all . iKilhQi8-.^a«>«g from th« scoj«J of the mvefitkm &s 
defsaed by the .^gJpetided elatims. Acetjrdifigiy, Slic fore|oiflg drawings and dyscri^wn 
:m^: iq be. rvj^sMed ilhist^iaiv« ijj s«jd:iM mstriciive or Jsisi«m§ ^erissi^; 



ji 

(a| : i^ftaig a ■ cliSMiii? dsi^^ 'mto |t n^hi Mnnip. ;^as,4 |sstM, siaict lOe 

:st|cl» ;|ii4t::^#si .clos|re;:<3ev|.^^ pr#ips ; * epsfji prtssi force 

% The ntethod of claim i, whentio ?iajd ciosape device jj? dtiivercd with a c^Oieter 
that includes ase|?t&1 punciurt. ticcdic caij^tblcof piinct«ri$jg miimmiiliiin ■j&i.us. 

Si The t3)s:{lii>il Df claim 2, vvteetrjL puriClitriftg septum secEindum in-cludes 
ptsflcturing so that said ftest •end is embedded ia aiid dt>es jJist exDead tbrough 
.septum sacundutrn. 

■isUii^fef pu33fiUiiiag:S8a:pi«m:!^ m multiple Ittfisaliofl&simuliaRCK^ 
jssethtKJ Mite emfjeddiag a pluistlity <if jjiesefes; o| tlie 

completely pyncttfring bx'ip^ majndum so that smi \ tirist. end e-xfeMs inio the 
tighi atrium. 

catiietsapuflctisnHg;: septum ;sec^^ ajuhipfe locations simttltaRenus^}^^^ 

l^i^ of pieces of clo&ure vie?; 

'lije nj4t{»o4:<rf:elaii»» ;1/V^ s-epiusn s>i im«m and passing si: 

jSQilioii c>f siud::4osuie seiMuKj pfimiim consiiiutci; ost; step, 

8, Th« inetted of claiiJi i, whereiii ;>ajd punccufing seplyro pnmym aed^^^p 
pyrDon af said cJosufe <le:visc itirtwgh sepwm prifiriima>fiSt'Kytes two steps,, 

9 , T!>c meibod ot" elains 1 . whe-rcii) mi4 f j est etid of said cJosure <le vice meludes a 

10, I'bc mc-lbwi Df claiin 9^ vvbinisn ssski sba^ie me-tmay rmtcetia] inciodes nittnol. 



ii 

i i The o-fCJ^od of cMm i, whtseifi mal c;OSt.fre device is. fon»f U of s o-svaerlcii 
selected kom the group con^istlag of biorciofbabte nttiUri;<! aohk niutais, 
sha|J0 (n«T)sory maJeriais, ivsetais, polymeric maifcriais, ox sweilad^c foams. 

12.. The method of dami 1, whisfcirt said fifsi end h JbriTsed into a doU, hook> 

|4i ^ padiod i > wheissii sasJ second «iid of said elosor^f d&viee has a 

15, "the: tns^jitJd of ciaim I . wSiersbiite^s (d) are i^jHated ^ir least oniie 

lor iiiultiple closwic <jk; vices, 

16, The mathcsd of daim 1, whcreiis sakl closure-, device is shaped as a ring wUh.»- 
gap, the »'JBg being p«a»tioned i^o thai said first end fiufictures and embeds into 
said <icpi»t>» !SeCBnc:un"» on the ieO alnuin side aral said .sccoj-jd end puiscaices jsad 
emfectii, i»lo s;iidvSep{«}« S^jcunduni on u'je nght aSiiMfJissiidi;, 

secandijns beiag cc»:tspjx;.ssc4 ii« said gap^ 
I The jjsethod of claim: 14 wSieiein said: Bf\g eo osisis of a si «|le misflolithjc piece. 
:i|. Whe.SJethod "0^^ rntiudcs pft'^ hiding the cldstu'e : 

^vffee ^ a Bfithsffcr; set that the 

19. iSie 3|wU*i>d: of cisib i, wfhsreiii sas^ :ef8iiu«j iSeviee is sl^s|>ed as»: a rtsf mtfe Ef si 
and second Mds; #d::4 j iteast: o foJd : d^ei^Miv^ saSid ftgl^^^iiSi^^ 
Ehat:j^^idiijr§|i;i^^i^ 

and ssiM at least one fiiia contacls ;Se|iit uitit sfed^duin ih thfe ii^E atHyifn^ 
secuadann being compivsscd Ijeiwcen said SrsS aaU stxond ends and said ai leasr 
OfteMd. 

20. The Btethod ofdmii I, v*hereift tJse devkehas a t'ii'st piece including said llrst 
eixl Ar-ci a separate secy«d piece inc]«d«ip^ said secofid cud, said first and setotui 
l^teces. connected ttjgether ai h ItxsHiao- ia the right atriutn^ a* ]ca<t onu of 5said 
pieces being curved rdativc to the other said pj«ce. 

S5.-.cy!idut» and sai^i &<fcoHd piec* j:s coftc^ve nel&iive to Ncpujui f;i,xunJuin 



22, The n>?rno;i arciasm 20, {urt.hert.'afnprismgretri&virtg and 3vmoying>aidciosu<<; 
device;- ailei k ^sas bvcn 4cpioy<:4. 

tX The nictbod ciaiis I, further cxmiprtsing retrieving and rtjnoving sajd closure- 
device after it tjsis b(j«a deployed. 

24, The iiKitiiod of claim I, whereio said dpsute device includes a gr&ppUng hook 

.IttclyjdtJog Qoe gra|jpi ihg Ijieiic^ being seaveflifeif cfesiaiy?^ 

gca^ljRg:^^ lifeiix Mi?t|i saisl ^ jKjaiSI xiajc graphs JCgJifHik <aiivlse«^^^ 



.:)tM:iftfe #f|sGi5^^ applying itm;SjtJO ty 

tedie? SiKli tliat said gmppHa^^ 

septum piiuium, and said posMloaing ine?«J>des; deploying sai<d at Jeast oae: curved 
; ju-m sach that ssi*3 curved apviSgl^S tte J«f f&c^; ^s^jptynj securidy m g^xpoiS^ii 
hi the dgJjt M«9m, 

2S. Th& nis;th«l of dai 24, wheretrf said grappSkig hook fnember indudes n 

pltsrality C(f gritppiiag hoyks and, upon c^eploynsg sai<l grappling hook nsember hi 
tbe Wt mmmt said pUiplity «t grappling hooks arc ci«bc^S4cii u» tte; surfaces: af' 

2j6. "Ilits; jii^^ devitj^ irtdtitics a ptyrsSJcy of 

:;caiS^ ^tms ii^ml, ijf^ft ii|ejpii<>^m^^ i li Jserigfit atniJit); jjJuta^ 

iti: ib^ ti0it. atiium. 



29, fbc ir;eri)<)d of cJairt; ?:4, iiirther comprising withdwwirtg, csih^tr iwm sakJ 
ht'-art s{[td auacitit)^ ¥;ji;J u-';"!t:! .-i s!,!l-,-;;;uf;i v,'u.-i ; aiUju had ictrisYit!^ ssit! 
ctosuiC- device after s jiectod ot time sunKi&n; k> ijiiow sepmu-^ prsDisjm an J 



::1S 

SKscwBt^^ a teft MSium^ sg|jt atrieffi ip a^^^^ heatt, said 

^OHip!^^ over i?|s|>inf 

3 i i ifW fd^ice iif *h8!'e;5 r ssiii li^'isT ead |£ cplscsSd^ a«d ; does is^ 

corkscrew, or o^erasichor. 
33. 'rihe device »f clai«n 30, whereh; $«Jii dm m<i ini'iisiJiJS a material selected ffpm 

the group consisting of bioresorbable miiSerialH, nobk rnetals, s|iap2 

matsnaSs, roetalij', poiymeric mateiiais, iiad sweilable foanns, 
14. The device ofckum 33, whsreu'i ,srJd .sliapc tTveowy material ujtiudc* oiunyL 
f5, Tiie device of cJ^iin 30, whecelf! said ficsi e!>4ij^u4«?J> 

<;aj>abk of purictarifig iiiamiiiaitsn us.swc. 
36s :^£lsc tievice M daim 30, liiitlier conspiAsmg a satheter maM mag said <3e«c« m 

to itK ovcr{8j^j3|ilapb;^i^ 
setesad^ {fee 

tetmitiisid;ui|4n fer^t a^^ jpoSflted: ea<!is for guftetaf jn&initssliaft 

.nsetaisj Md shape iiiatttiials. 
partial. iiogv 



u 

43;. The dev:ice of ciajHiSg^ wiifeieiii sa^^^ gsft sHghtiy sfitaUer thm 

43, The deviQ&^^q^ 3|, wterain:p!id<^ than 

44» device saf claiJii SS, wjhsaieili ^d^iifi ?3:v«1ia^ esJsjfe ottjer, 

4$; tlisi 4ev jc«^ 0^ SiSid^ iiicfades: a ^s»xsal emg with: if si mti 

4& tlis; sji^vi^ie: 6f plaiia ^^^"^^ ■ sai<i3 Jea^ oa& ihld cqpp|is^e^ with said ivss t 
Md s^eond ends to «ppt^ 

4?. TIjb device; of j^}^^ 

wotat-t (he- surfaces of sepluni primam cxpijscU ii5 both tha bfi mOi rigiit jtifia, : 
455. A fnethod of claswg t*verlappux§ layersof p%%m in a irspnmaJifeR be*«^ 
comprising; 

i'isi) iidsesting into & noJu Jitrtuni of sal<i ?2«e;fi u closure device Hickidfog s 

gfiippiing hook member joiricd la iciwt n^fs curvcti anitj^ by afi crtiar'ged-llp jftltidfis' 
nlembeij said grappliag hook member i»ck}<img i*lk'as5 Swo gi<»ppUi»g: houk» eti|3ii>fe 

(c) depla|iag said gra^^ Id^ Yttrium Su(2h that saiiji 

IrappiJ^g:; hoofcs ate ; emb^siidieti iEUio the sarJaees ; bf sapiam pifimuitt mi^ ^ppimn 

(Is-) : deplcs^liig ssiiiiJ <sifved asnu such that saitl cervad arms e«g;iit|« 

tissue; 

sm& include niuool. 



tt 

53^,;:^ tteyiee fejf >eio of £jss«e it* hsart, 

coropasmg a grapplmg hook me«iber |om^^ 

{3«e curved ism mcbde a shaps memoi^ mateii^J 
55, 1ll54^;de^i<f^^ vt^jeffsits n^j^nEjfeer sn4 ssti<J at least 

57. The devlgs of «^af m S2i^ ssdd «v«if feppinj^ layers ii^siief coftStiWfc- a ; 

piCfit iOr&i'ne« ovaie (PFO). 

58, A fnelhod of <dojir>g Mo ,i>s,'«:rl;^pjHoj^:iayc.fS o in a niatiimaliaii 
eGfnpiking: 

(t) iriseiUog a caUisiief ■ ml^^ fi%H «|?ium of said heart, said catheter 

containing a ciosar* device corisisHng esscp.iia!iy of firsc and second op|5osed grappliag 
:?iiiC>i^ .:mii$fiil!a».':^4vii':'€»»M£ij^ -ciKifiectiegxOTiHrtber, -whereici eacb of Sdf4. pi^>^»»»8 hook 
Pticmber* i{*5l«de& at least two ecrve-d grappling hooks capable of being psvcrsiNw 
disiJtll^ Jotsgipji^lsal axfs Df said conoecting m»nibe* 



(c) i#egi05^li|:58|4fi 



pripum «xpos*<i in ife left a«5tH» aaad saisi^ «!««»jssc!ln| jnentfaet 

iojpisa >s?j^ 
tissue; an*! 

I?): fertte Mipa^^ ^lasd cath^:i«^ ih|it said 

sectmitatn exposed in &c rigiu >atriam,: 



from p»Mp CiM^ or i}ieat!5orljaM& nsmts*!^, ■ s^isg^: 
tmtiiory fnateriaiS; asid flexsfcle polymer a^atersajS- 
60, The method ^jfclpm Sg,;^^ nitinoi< 

cymgirisihg ; msemifj^: a dlosure idevlce i nts sai^ lieaiii said cIo&»Pfe ; deviee 

tmmot^ m&t<inkh,md Scxtble i^jwr iHsJeciaK 
6| :1iiemch<M of ^iteifm said clositiy iteysce indydes rtslmol. 

§4, A dcvic« for ctosi-og two overlapping feyers of ti.5S!3e in » mamma* j^ft heart, 
esnsiistJfig ssseatisiJy of first &rnS secocd oppos<sd grapjjliifig Jiook mwrtbm m<l a 
■iceoira) csmneettng i«ember. v/Iie.fcia csciv of mki grappling hook members 
; inclades at seas? two curved gra|.?f.)ljn>t? ifooki capabb of being rcversibly ^ii4 
distfi Jly &<s : <*s : lift aioftg lije bagjiudmaj axis c*f $Jt£d; csi«rie«ti ng 

6Sy l'h(!::ideyics8;pf <r wherein said device isclude a mateirial Mescted ftx^ 

66^ '£is&4i?vie& bfyaJm 6S, ^heransaiid device hiciudes^^^^^ 

7^, tl^e devjce of ci5Jm:69v ^herein sMiJ^;^^ oidrsti. 



1 1 < A melhM oi' cle^«g: i&\^i1am>jn^^ tissue; Sit a msromaMao iieaJt, 

1^) losming a se^sl ijc«dte cathsier into a figSiri atftym of said heart, mad 

its? j^sctuEiag septum secajitiuirj and thetR «eptam pnmtim w!& «5ald Si^ 

{jeedi<s ^sihiS^ :lil?sM; cs^tseii; en^ 

Cd) ii^cting s^iiNi^ iimjugh sep&to pdmum atsi then sejstuiis 

S«|)l!,M3t» :|?iiinum ^pti^tn: secu tn die ileft siriii?^ 

;::i«rs}t^^:..!Ps^cUf^ that: 

(ff #t«Hftg sate! stc<fGiid i^d safd do&ijfe Jieviee IftttS a stftJcluEi; {?^y|ng 

{iiaiTfclcr iarger ihiti} iha? f>f said ^:^l{hf^^t^.r ,<.tieh that safd second end is nKiiniiuriie^ in &e 
Hght airiuxn, thereby drawing se]>m«t tfrifnum m4 «epUiTti teMnU«m together ancf 
closing said overiappini laycTS of ti&iiuy. 

^■.I^'iei method <?f elajT»i 7.1, vvljerem sdd clo^sute device anchor Includest' a n-iacerJal 

JHejBOty a^terkds 

73, The tniStbpd of claim 72, wir^inpip issjy dQS«fo;«^ $ ndudes: mlinaL 

74. The fjMfiod of aMai; ^ I* v^e|siQ ■ 0pi§8«e liytchGr: iS; ;«5f la > 

l^i l^e Bjetfcod: said 's^find eisd: of said closure device is ^ 

77,:The ^sdlksiiiO^ cia^ 1^ whs;i^it»:said g 
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